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WIRELESS COMMUNICATION SYSTEM IN
WHICH A TERMINATION ACCESS TYPE IS
IDENTIFIED TO A SERVING MOBILE
SWITCHING CENTER

BACKGROUND

1. Technical Field

The present invention relates generally to wireless com-
munication systems; and more particularly to a wireless
communication system 1n which a mobile switching center
that serves a mobile unit 1s apprised of the termination
access type of a call delivered to the mobile unit, the serving
mobile switching center generating a call detail record for
the call which includes the termination access type, the
mobile unit, the duration of the call and additional
information, the call detail record later used to generate a bill
for the subscriber of the mobile unait.

2. Related Art

Cellular wireless communication systems are generally
known 1n the art to facilitate wireless communications
within respective service coverage areas. Such wireless
communication systems include a “network infrastructure”
that facilitates the wireless communications with mobile
units operating within a service coverage area. The network
infrastructure typically includes a plurality of base stations
dispersed throughout the service coverage area, each of
which supports wireless communications within a respective
cell (or set of sectors). The base stations couple to base
station controllers (BSCs), with each BSC serving a plural-
ity of base stations. Each BSC couples to a mobile switching
center (MSC) which also couples to the PSTN, the Internet
and/or to other MSCs.

A wireless mobile unit operating within the service cov-
erage areca communicates with one or more of the base
stations. The base stations route the communications to the
MSC via a serving BSC. The MSC routes the communica-
fions to another subscribing wireless unit via a BSC/base
station path (which may be the same BSC/base station path
when the communications are with another subscribing unit
serviced by the same base station) or via the PSTN/Internet/
other network to terminating destination.

Various operating standards have been developed to stan-
dardize wireless communications. The wireless communi-
cation operating standards include, for example, the
Advanced Mobile Phone Service (AMPS) standards, the
Global Standards for Mobility (GSM), the Code Division
Multiple Access (CDMA) and the Time Division Multiple
Access (TDMA) standards. A standard that is employed in
North America for interconnectivity of MSCs 1s the 1S-41
standard. These operating standards set forth the technical
requirements that facilitate compatible operation between
equipment of differing vendors.

In a cellular wireless communication system, each MSC
1s operated by a particular service provider and services
communications over a fairly large geographic arca. A large
number of mobile units are serviced by this MSC. Each
MSC serves as a home or “originating MSC” for a number
of mobile units. The mobile units are assigned a permanent
telephone number that, when routed via the PSTN, reaches
the originating MSC. The originating MSC then performs
call routing 1n an attempt to deliver the call to the mobile
unit. As part of call routing, the originating MSC accesses
the Home Location Register (HLR) servicing the mobile
unit. The HLR provides the identity of a MSC currently
serving the mobile unit (the “serving MSC”).

If the mobile unit 1s operating with the coverage area of
a base station supported by the originating MSC, the origi-
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nating MSC 1s also the serving MSC. In such case, the
originating MSC 1nitiates a page to the mobile unit, the
mobile unit responds to the page, and the call 1s completed.
However, if the mobile unit 1s not being served by the
originating MSC, but instead 1s being served by another
MSC, a serving MSC, inter MSC operation 1s mnitiated. In
such case, the originating MSC sends a locate request to a
HLR servicing the mobile unit. In response, the HLLR sends
a route request to the serving MSC. Subsequently, the call 1s
routed through the serving MSC to the mobile unit. Such
operation 1s often referred to as call termination while
“roaming’.

While such seamless operation 1s greatly appreciated by
the subscribers, many difficulties arise from these roaming
operations. One such problem relates to billing procedures.
Bills are generated for the subscriber of the mobile unit by
its service provider (who operates the originating MSC).
These bills are typically generated based upon call detail
records (CDRs) generated by the originating MSC that
identify the mobile unit and its call duration. However, when

the mobile unit 1s roaming such that it 1s served by another
MSC (the serving MSC), a CDR 1is generated by the serving

MSC as well. The CDR created by the serving MSC
identifies the mobile unit, the caller and the call duration.
However, in many billing plans offered by service providers,
the billing structure requires substantial additional informa-
tion. This information 1s not included in the CDR of the
serving MSC. Thus, an accurate bill may not be produced
without cross-referencing the CDRs produced in the origi-

nating MSC with CDRs produced 1n the serving MSC.

Thus, there 1s a need 1n the art for a wireless communi-
cation system 1n which billing can be generated based upon
the information collected and stored by a serving MSC that
services a roaming mobile unit.

SUMMARY OF THE INVENTION

Thus, to overcome the shortcomings of the prior systems,
among other shortcomings, a wireless communication sys-
tem constructed according to the present invention forwards
the termination access type to the serving mobile switching
center (MSC) for inclusion into a call detail record. The
wireless communication system includes an originating
MSC, a home location register (HLR), a serving MSC and
supporting infrastructure for each MSC. Such supporting
infrastructure includes a plurality of base station controllers
(BSC) and a plurality of base stations. The base stations
support wireless communications within respective cells to
service mobile units operating in the cells.

When a call 1s received by the originating MSC intended
for the mobile unit, the originating MSC determines the
termination access type of the call, e.g., mobile to mobile
directory number access, land to mobile directory number
access, remote feature control port access and roamer port
access, among others. The originating MSC then sends a
locate request to the mobile unit’s HLR. The HLR then
sends a route request to the serving MSC, such route request
including the termination access type for the call. The
originating MSC and the serving MSC then complete the
call to the mobile unit.

Once the call 1s completed, the serving MSC creates a call
detail record (CDR) for the call, the CDR including the call
duration, caller identity, mobile unit identity and such other
information that 1s required to create a bill for the mobile
unit. However, according to the present invention, the CDR
also 1ncludes the termination access type of the call. Thus,
billing for the mobile unit may subsequently be completed,
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such billing requiring the termination access type to properly
charge for the call.

Moreover, other aspects of the present invention will
become apparent with further reference to the drawings and
specification which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention can be
obtained when the following detailed description of the
preferred embodiment 1s considered in conjunction with the
following drawings, in which:

FIG. 1 1s a system diagram illustrating generally the
structure of a wireless communication system constructed
according to the present 1nvention serving a mobile unit;

FIG. 2 1s a logic diagram 1llustrating operation according
to the present invention in which a serving mobile switching
center creates a call detail record that includes the termina-
tion access type which 1s provided by an originating mobile
switching center to the serving mobile switching center;

FIG. 3 1s a logic diagram 1illustrating operation of a
serving MSC according to the present invention 1n creating
a call detail record that includes the termination access type
of a call routed by the serving mobile switching center to a
mobile unit; and

FIGS. 4A and 4B are message flow diagrams 1llustrating
the flow of messages among an originating mobile switching
center, a home location register, a serving mobile switching
center, a base station controller, a base station and a mobile
unit according to the present mvention in receiving and
routing a call.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a system diagram illustrating generally the
structure of a wireless communication system constructed
according to the present invention serving a plurality of
mobile units 112, 113, and 126. The wireless communication
system 100 includes mobile switching centers (MSCs) 102
and 118. Coupled to each MSC 102 and 118 1s at least one
base station controller (BSC). For example, BSC 104 is
shown to be coupled to MSC 102 while BSC 122 1s shown
to be coupled to MSC 118. Finally, at least one base station
couples to each BSC. As shown, base station 106 couples to
BSC 104 while base station 124 couples to BSC 122. The
construction of cellular based wireless communication sys-
tems 1s generally known. Thus, the structure of such cellular
wireless communication systems will not be discussed other
than to explain the teachings of the present invention.
However, 1n a typical cellular wireless communication
system, a plurality of base stations couple to each BSC and
a plurality of BSCs couple to each MSC.

Each of the MSCs 102 and 118 1s serviced by a visitor
location register (VLR) 108 and 120, respectively. Further,
cach of the MSCs 102 and 118 couples to a home location
register (HLR) 110 which stores subscriber information. The
construction of VLRs and HLRs 1s also generally known.
Thus, the operation of the VLRs and HLRs will not be
discussed herein except as 1t applies to operation according
to the present invention. A signaling path between the MSCs
102 and 118 and the HLR 110 1s shown as a dotted line while
the traiffic path between the MSCs 102 and 118 and the
PSTN 114 i1s shown as a solid line. Communications
between the MSCs 102 and 118 and the HLR may be
compliant with the IS-41 standard promulgated for North
American intersystem operations.

Each of the MSCs 102 and 118 also couples to the public
switched telephone network (PSTN) 114. The MSCs 102
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4

and 118 may also couple to other communication networks
as well, such as the Internet. The wireless communication
system 100 services calls between terminals, ¢.g., 116,
coupled to the PSTN 114 and mobile units, e.g., 112, 113 and
126. In an example of such call servicing, a call 1s placed at
the terminal 112 coupled to the PSTN 114 and completed to
the mobile unit 112 serviced by base station 112.

The wireless communication system 100 also services
calls between mobile units 112, 113 and 126 serviced by the
wireless communication system 100. For example, mobile
unit 112 may initiate a call to mobile unit 126. In such case,
the wireless communication system 100 routes the call via

base station 106, BSC 104, MSC 102, the PSTN 114, MSC
118, BSC 122 and base station 124. In another example,
mobile unit 113 1nitiates a call to mobile unit 112. In such
case, the wireless communication system 100 routes the call
via base station 106, BSC 104, MSC 102, BSC 104 and base
station 106. Thus, 1n the latter case, as opposed to the former
example, the call 1s serviced by MSC 102. In the former

case, the call 1s serviced by MSC 102 and MSC 118.

The wireless communication system 100 may be operated
by multiple system operators. For example, in one operation,
a first system operator operates MSC 102 and all network
infrastructure supported by MSC 102 while a second system
operator operates MSC 118 and all network infrastructure
supported by MSC 118. In such case, intersystem operations
are required to service communications between mobile unit
112 and mobile unit 126, for example.

In an operation according to the present invention, MSC
102 1s the originating MSC for mobile unit 126. In such case,

a call intended for the mobile unit 126 initiated by terminal
116 1s routed by the PSTN 114 to the MSC 102. Upon receipt

of the call, the MSC 102 sends a locate request to the HLR
110 (which serves the mobile unit 126 that is currently
roaming in the service area of MSC 118). According to the
present invention, the termination access type 1s also sent to
the HLR 110 1n the locate request. Examples of termination
access types include mobile to mobile directory number
access, land to mobile directory number access (the current
example), remote feature control port access, roamer port
access and other termination access types. The serving MSC
120, originating MSC 102 and other components 1n the call
routing path operate to setup and service the call.

Further, the serving MSC 120 creates a call detail record
(CDR) for the mobile unit 126 for the call that includes the

termination access type. Subsequently, the subscriber of the
mobile unit 126 1s billed based upon the termination access
type as well as the call duration and other parameters.

In another example of operation, mobile umit 113 1s
roaming within a service area serviced by MSC 102 and
initiates a call to mobile unit 112. When initiating the call to
mobile unit 112 (serviced by MSC 102), the mobile unit 113
accesses a roamer access port serviced by MSC 102 request-
ing call delivery to mobile unit 112. The MSC 102 sends a
locate request to the HLLR 110, such locate request including
the termination access type (roamer port access) The HLR
110 then sends a route request to the MSC 102 which serves
mobile unit 112. The call 1s completed and a CDR 1s made
for the mobile unit 112 (as well as the mobile unit 113).

In still another example, mobile unit 112 1nitiates a call to
mobile unit 126. When 1nitiating the call to mobile unit 126,
the mobile unit 112 sends a request to setup the call to its
serving MSC 102. The MSC 102 sends a locate request to
the HLLR 110, such locate request including the termination
access type (mobile to mobile directory number access). The

HILR 110 then sends a route request to the MSC 102 which
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serves mobile unit 112. The call 1s completed and a CDR 1s
created for the mobile unit 112 by MSC 102 and a CDR 1s

created for the mobile unit 126 by MSC 118 which includes
the termination access type (mobile to mobile directory
number access).

FIG. 2 1s a logic diagram 1llustrating operation according
to the present mmvention 1n which a serving mobile switching
center creates a CDR for a mobile unit to which 1t terminates
a call, the CDR that including the termination access type of
a caller. Operation commences at step 302 wherein an
originating MSC receives a request to connect a call to a
mobile unit. The originating MSC then determines the
termination access type of the call that was received for the
mobile unit at step 204. Examples of such termination access
types mclude mobile to mobile directory number access,
land to mobile directory number access, remote feature
control port access and roamer port access, for example. The
originating MSC 1s able to determine the termination access
type based upon how the call was received. If the call 1s
received from the PSTN (or another coupled communication
network), the originating MSC determines that the call is a
land to mobile directory number access. If the call is
received from a BSC that 1t services, the originating MSC
determines that the call 1s a mobile to mobile directory
number access. Further, if the call 1s received on a desig-
nated roamer access port, the originating MSC determines
that the call 1s a roamer port access.

At step 206 the originating MSC sends a locate request to
the HLR serving the mobile unit, such locate request 1den-
tifying the termination access type. Then, at step 208, the
HILR sends a route request to the serving MSC 1 which it
identifies the termination access type. Operation proceeds to
step 210 where the serving MSC completes the call to the
mobile unit and services the call unfil call termination.
Finally, at step 212, once the call has been terminated, the
serving MSC creates a CDR based upon the termination
access type, the duration of the serviced call for the desti-
nation mobile unit and additional imformation, the calling
party, the facilities used and additional pertinent informa-
tion. This CDR 1s later used by a billing system to create a

bill for the mobile unit.

FIG. 3 1s a logic diagram 1illustrating operation of a
serving MSC according to the present invention in creating
a call detail record that includes the termination access type
of a call routed by the serving mobile switching center to a
mobile unit. Operation commences at step 302 where the
serving MSC receives the termination access type from the
HLR 1n a route request. From step 302, operation proceeds
to step 304 where the serving MSC records the call duration
for the call being serviced. Then, at step 306, the serving
MSC creates a CDR that includes the mobile unit identity,
the call duration and the termination access type.

From step 306, operation proceeds to step 308 where the
serving MSC stores the CDR until the end of the billing
cycle. At the end of the billing cycles, the serving MSC
downloads the CDR to the billing system at step 310. Then,
at step 312, the billing system receives the CDR from the
serving MSC and creates a bill for the subscriber operating
the mobile unit, such bill including a bill component based
upon the call duration and termination access type 1dentified
in the CDR. Note that the charges for the particular calls
identified 1n the CDR may be dependent upon the termina-
fion access type contained 1n the CDR. For example, calls of
a roamer port access termination access type may be charged
only based upon the call duration and not include roaming
charges.

FIGS. 4A and 4B are message flow diagrams 1llustrating,
the flow of messages among an originating mobile switching
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center, a home location register, a serving mobile switching
center, a base station controller, a base station and a mobile
unit according to the present mvention 1n receiving and
routing a call. At 402, the originating MSC has received a
request to terminate a call to a mobile unit based upon a call
request and, 1n response, sends a locate request to a serving
HILR. The locate request sent at 402 includes the termination
access type for the call, e.g., mobile to mobile directory
number access, land to mobile directory number access, etc.

The HLR then sends a route request to the serving MSC
which imcludes the termination access type at 404. As 1s
ogenerally known, the last known location of the mobile unit
1s kept 1n the HLLR and accessed in response to the locate
request. This access determines the i1dentity of the serving
MSC. In response, at 406, the serving MSC responds to the
HILR with a route request response. The HLR then sends a
locate request response to the originating MSC at 408, such
locate request response 1dentifying the serving MSC to the
originating MSC.

At 410, the originating MSC and the serving MSC per-
form call routing to service the call. The serving MSC then
sends a page to the mobile unit via at least one BSC and at
least one base station transceiving subsystem (BTS) at 412.
At 414, the mobile unit responds to the page with a page
response. Such page response 1s relayed via a servicing BTS
to a servicing BSC. The servicing BSC then coordinates the
allocation and setup of a channel to the mobile unit at 416.
Subsequently, the servicing BTS sends an on channel mes-
sage to the serving MSC via the servicing BSC at 418.

Referring now to FIG. 4B, the serving MSC completes the
call to the mobile unit at 420. Then, the serving MSC sends
an alert to the mobile unit via the servicing BSC and
servicing BTS at 422, such alert signal causing the mobile
unit to ring. The user of the mobile unit may answer the alert
to the serving MSC at 424 via the servicing BTS and the
servicing BSC by accepting the call. Once these steps are
complete, the call 1s serviced at 426 until either the mobile

unit or the originating party disconnects.

At 428, either the mobile unit or the originating party
initiates disconnection of the call. Then, at step 430, the
servicing BSC 1nitiates the release of the channel at 430.
Once the call has been completed, the serving MSC creates
a CDR for the mobile unit at 432, the CDR including the
identity of the mobile unit, the termination access type, the
call duration and additional required information.

The mvention disclosed herein 1s susceptible to various
modifications and alternative forms. Specific embodiments
therefor have been shown by way of example 1n the draw-
ings and detailed description. It should be understood,
however, that the drawings and detailed description thereto
are not mtended to limait the invention to the particular form
disclosed, but on the contrary, the mvention 1s to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the present mvention as defined by the
claims.

What 1s claimed 1s:

1. A method of operating a wireless communication
system that includes an originating mobile switching center,
a home location register and a serving mobile switching
center, the method comprising:

receiving a call at the originating mobile switching center
from an originating terminal, the call intended for a
mobile unit serviced by the wireless communication
system,;

determining the termination access type of the call;

sending a locate request to the home location register for
the mobile unit, the locate request including the termi-
nation access type;
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the home location register sending a route request to the
serving mobile switching center for the mobile unit, the
route request including the termination access type;

the originating mobile switching center and the serving,
mobile switching center servicing the call; and

the serving mobile switching center creating a call detail
record that includes the termination access type.
2. The method of claim 1, wherein:

the call 1s received from the originating terminal via a
communication network coupled to the originating
mobile switching center; and

the termination access type 1s a land to mobile directory
number access.
3. The method of claim 1, wherein:

the originating terminal 1s another mobile unit serviced by
the wireless communication system; and

the termination access type 1s a mobile to mobile directory
number access.
4. The method of claim 1, wherein:

the call 1s received by the originating mobile switching,
center via a roamer access port; and

the termination access type 1S a roamer port access.

S. The method of claim 1, wherein the call 1s serviced via
a base station controller and a base station coupled to the
serving mobile switching center.

6. The method of claim 1, wherein the call detail record
further 1includes the 1dentity of the mobile unit, the 1dentity
of the originating terminal and a call duration.

7. The method of claim 6, further comprising creating a
cellular telephone bill for the mobile unit based partially
upon the termination access type contained in the call detail
record.

8. A method of operating an originating mobile switching,
center and a home location register in conjunction with a
serving mobile switching center, the method comprising;:

receiving a call at the originating mobile switching center
from an originating terminal, the call intended for a
mobile unit serviced by the wireless communication
system,

determining the termination access type of the call;

sending a locate request to the home location register for
the mobile unit, the locate request including the termi-

nation access type;

the home location register sending a route request to the
serving mobile switching center for the mobile unit, the
route request including the termination access type;

the originating mobile switching center operating 1n con-
junction with the serving mobile switching center to
service the call.

9. The method of claim 8, wherein:

the call 1s received from the originating terminal via a
communication network coupled to the originating
mobile switching center; and

the termination access type 1s a land to mobile directory

number access.
10. The method of claim 8, wherein:

the originating terminal 1s another mobile unit serviced by
the wireless communication system; and

the termination access type 1s a mobile to mobile directory
number access.
11. The method of claim 8, wherein:

the call 1s received by the originating mobile switching,
center via a roamer access port; and

the termination access type 1S a roamer port access.
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12. A wireless communication system for operating in
conjunction with a serving mobile switching center, the
wireless communication system comprising:

an originating mobile switching center that receives a call
from an originating terminal, the call intended for a
mobile unit serviced by the wireless communication
system;

a home location register coupled to the origiating mobile
switching center;

the originating mobile switching center determining the
termination access type of the call and sending a locate
request to the home location register for the mobile
unit, the locate request including the termination access
type;

the home location register sending a route request to the

serving mobile switching center for the mobile unit, the
route request including the termination access type;

the originating mobile switching center operating 1n con-
junction with the serving mobile switching center to
service the call.
13. The wireless communication system of claim 12,
wherein:

the call 1s received from the originating terminal via a
communication network coupled to the originating
mobile switching center; and

the termination access type 1s a land to mobile directory
number access.
14. The wireless communication system of claim 12,
wherein:

the originating terminal 1s another mobile unit serviced by
the wireless communication system; and

the termination access type 1s a mobile to mobile directory
number access.
15. The wireless communication system of claim 12,
wherein:

the call 1s received by the originating mobile switching
center via a roamer access port; and

the termination access type 1s a roamer port access.

16. A wireless communication system for servicing a
mobile unit, the wireless communication system compris-
Ing:

an originating mobile switching center that receives a call

from an originating terminal, the call intended for a
mobile unit serviced by the wireless communication
system,;

a home location register coupled to the originating mobile

switching center;

the originating mobile switching center determining the
termination access type of the call and sending a locate
request to the home location register for the mobile
unit, the locate request including the termination access
type,

a serving mobile switching center coupled to the home
location register that services the mobile unit;

the home location register sending a route request to the
serving mobile switching center for the mobile unit, the
route request including the termination access type; and

the originating mobile switching center operating 1n con-
junction with the serving mobile switching center to
service the call; and

the serving mobile switching center creating a call detail
record that includes the termination access type.
17. The wireless communication system of claim 16,
wherein:
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the call 1s received from the originating terminal via a the call 1s received by the originating mobile switching
communication network coupled to the originating center via a roamer access port; and

mobile switching center; and the termination access type 1s a roamer port access.

the termination access type 1s a land to mobile directory 20. The wireless communication system of claim 186,

number access. > wherein the call is serviced via a base station controller and
18. The wireless communication system of claim 16, a base station coupled to the serving mobile switching
wherein: center.
the originating terminal 1s another mobile unit serviced by 21. The wireless communication system of claim 16,
the wireless communication system; and 10 wherein the call detail record further includes the 1dentity of
the termination access type 1s a mobile to mobile directory the mobile unit, the 1dentity of the originating terminal and
number access. a call duration.

19. The wireless communication system of claim 16,
wherein: £ % % ok ok
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